Background: Previously, we reported that the Ventral Hernia Risk Score (VHRS) was more accurate in a Veterans Affairs (VA) population in predicting surgical site infection (SSI) after open ventral hernia repair (VHR) compared with other models such as the Ventral Hernia Working Group (VHWG) model. The VHRS was developed using single-center data and stratifies SSI risk into five groups based on concomitant hernia repair, skin flaps created, American Society of Anesthesiologists (ASA) score ‡ 3, body mass index ‡ 40 kg/m
V entral hernia repairs are among the most common general surgery procedures, with more than 365,000 performed in the United States each year [1] . Complications, particularly surgical site infections (SSIs), are common after a repair. Surgical site infections are not only associated with a host of other complications, such as recurrence and need for re-operation, but also significantly increase costs [1, 2] .
Stratifying patients' risk of SSI may provide valuable information for patient selection, counseling, risk modification, and surgical management. Several classification systems have been developed to quantify patient and operative factors that predict poor outcomes. The Ventral Hernia Working Group (VHWG) and the U.S. Centers for Disease Control and Prevention (CDC) incision class are models for stratifying patient risk for SSI [3, 4] . Previously, we reported that the Ventral Hernia Risk Score (VHRS) was more accurate in a Veterans Affairs (VA) population in predicting SSI after open ventral hernia repair (VHR) than were other models such as the VHWG. The VHRS was developed using singlecenter data and stratifies SSI risk into five groups on the basis of concomitant hernia repair, creation of skin flaps, American Society of Anesthesiologists (ASA) score ‡ 3 points, body mass index (BMI) ‡ 40 kg/m
Patients and Methods
We utilized a prospective database of all open VHRs performed at three institutions from 2009 to 2011. All three institutions were academic, tertiary-care referral centers where VHRs were performed by surgeons with a special interest in ventral hernia surgery. All patients followed for at least 1 mo were included in the analysis.
Patient demographics and clinical, pre-operative, and intraoperative data were collected. Demographic data consisted of race and gender. The institution where the surgery was performed was included. Clinical factors included BMI, history of diabetes mellitus, history of chronic obstructive pulmonary disease (COPD), current smoker, immunosuppression, abdominal aortic aneurysm, prostate disease, serum albumin concentration, and ASA score. Hernia factors included recurrence, previous SSI of the same incision, and VHWG score. Intra-operative data included operative duration, appropriate pre-operative antibiotic administration, concomitant abdominal surgery, incision class, mesh utilization, type of mesh applied (if used), location of mesh placement, fascial closure, fascial release, and creation of skin flaps. Immunosuppression was defined as use of any corticosteroid, chemotherapy, or other immunosuppressive medication. Pre-operative antibiotic administration was defined as appropriate dose, type, and administration of antibiotic(s) as specified by the Surgical Care Improvement Project (SCIP). Concomitant surgery was defined as any hernia repair during a procedure for another surgical indication (e.g., cholecystectomy, colectomy, panniculectomy) through the same incision or intra-operative enterotomy/bowel resection. Location of mesh placement included onlay, inlay, or underlay (including intra-peritoneal, pre-peritoneal, and retro-rectus) locations. Fascial release was defined as any procedure involving incision of the fascia to achieve greater medial release, including component separation. Skin flaps were defined as any dissection of skin and subcutaneous tissue off the fascia without complete excision of the dissected tissue.
The primary outcome was the accuracy of the three models in predicting SSI. To determine the presence of SSI, we used the guidelines described by the CDC [6] . The previously identified model was assessed with this validation patient cohort. Akaike information criterion (AIC), goodness of fit, and Hosmer-Lemeshow test results were assessed. The accuracy of VHRS was then compared with that of the VHWG and CDC incision class. Receiver-operating characteristic curves (ROCs) were used to assess predictive accuracy, and the areas under the curves (AUCs) were compared for the models. The test described by Delong et al. was used to test the ROC curves for statistically significant differences [7] .
Other outcomes measured were re-operation or recurrence at any point in the post-operative period. Re-operation was defined as any post-operative procedure that involved the mesh, fascia, or intra-peritoneal cavity. Recurrence was identified by clinical assessment. If there was clinical uncertainty and symptoms, a computed tomography scan was performed, and the imaging results were included in the assessment.
Differences between the two groups (those who developed SSI and those who did not) were compared using the Pearson w 2 or Fisher exact test. Continuous data were analyzed using the two-tailed t-test or Mann-Whitney U test for parametric and nonparametric data, respectively. Comparisons between the results at different institutions were accomplished using analysis of variance and the Pearson w 2 test. All statistical analyses were performed using SPSS software version 21 (IBM Corp., Armonk, NY).
Results
A total of 436 patients underwent ventral hernia repair. Eleven patients were excluded for failure to be followed up for at least 30 d. There were multiple significant differences in patient characteristics among institutions ( Table 1) .
The overall SSI rate was 25.5% (n = 111). Median (range) of follow-up was 20 (1-49) mos. The rates of recurrence and ASA = American Society of Anesthesiologists; BMI = body mass index; DM = diabetes mellitus; SD = standard deviation; VHR = ventral hernia repair.
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re-operation were 10.1% (n = 44) and 13.5% (n = 59), respectively. The rates of re-operation (27.9% vs. 8.6%; p < 0.01) and hernia recurrence (23.4% vs. 5.6%; p < 0.01) were significantly higher among patients with SSI compared with those without SSI. Clinical factors associated with SSI included elevated BMI, diabetes mellitus, immunosuppression, and ASA score ‡ 3 ( Table 2 ). Significant surgical history included a recurrent VHR, number of prior VHRs, and history of SSI. Significant intra-operative factors included concomitant surgery, mesh placement, incision class, longer operative time, fascial release, and skin flap creation ( Table 3) .
As with the development cohort from the VA population, the VHRS was strongly associated with the rates of SSI in the validation cohort consisting of the other institutions (Tables 4  and 5 ). The model demonstrated little loss of information (AIC = 87.47) and an adequate goodness of fit (HosmerLemeshow test p = 0.097) [4] . All variables used to define the VHRS were found to be independent predictors of SSI (Tables 4 and 5 ) [4] . A ROC curve (Fig. 1) 
Discussion
In this study, we validated externally the VHRS and its predictive capacity for SSI after open VHR among patients at other academic medical centers with a large volume of operations. The original development cohort for the score was a VA population of largely older, male, high-risk patients. The current three patient cohorts were heterogeneous, with more female and younger patients, and diverse populations. In all AAA = abdominal aortic aneurysm; ASA = American Society of Anesthesiologists; BMI = body mass index; COPD = chronic obstructive pulmonary disease; SSI = surgical site infection; VHWG = Ventral Hernia Working Group. four patient cohorts, compared with the VHWG and CDC classifications, the VHRS had greater predictive accuracy. The five factors in the test-incision class, morbid obesity, concomitant procedures, ASA class, and elevation of skin flaps-all have strong biologic plausibility to be associated with SSI and in other studies have been associated with incisional complications.
Incision class and extent of contamination are strong predictors of incisional complications, as has been proved repeatedly. However, with ventral hernias, incision class fails to tell the entire story. For example, class I patients have a much higher rate of incisional complications than other patients in other classes [8] . This may be secondary to previous infections leading to latent bacteria, impaired blood flow as a result of multiple prior incisions, high-risk patient type [9] , long surgical times, or implantation of foreign material. In addition, concomitant procedures through the same incision increase the rate of SSI, in particular mesh infection [8] .
Morbid obesity and elevated ASA class are widely considered risk factors for complications of surgery [10] [11] [12] . Thus, ASA class ‡ 3 was an independent risk factor for SSI. This measure is useful to the VHRS scoring system, as it takes into account several other risk factors for SSI, as well as their severity. For example, in our cohort, smoking and diabetes mellitus were both associated with SSI development on univariable analysis. However, they were not independent variables in the VHRS model [3, [13] [14] [15] . Including variables such as diabetes mellitus, COPD, or smoking fails to take into account disease severity. For example, in this study, a patient with well-controlled diabetes mellitus with a glycosylated hemoglobin concentration of 6.0 g/dL would be classified the same as a patient with poorly controlled diabetes with a glycosylated hemoglobin concentration of 12.0 g/dL. These diseases are accounted for by ASA along with the severity of the co-morbidity.
We also found that both raising skin flaps and fascial release increased the risk of SSI. Both of these findings may be secondary to the increase in dead space (with or without seroma or hematoma formation), which would allow for growth of bacteria [16] . Raising skin flaps also may increase the risk of devascularizing tissue, causing necrosis. Several newer techniques, including laparoscopic component separation, perforator-sparing skin flaps, and transverus abdominis release avoid development of skin flaps or devascularization of the skin flaps and may decrease the rate of SSI [16, 17] . It was common practice for surgeons to utilize drains when developing skin flaps; in addition, drains were applied routinely for implantation of biologic mesh. Drains were not an independent factor in the development of SSI in our prior study.
Our data demonstrated poorer outcomes for those who had an SSI, including higher rates of recurrence and re-operation. As several components of the VHRS are modifiable patient factors, our scoring system may help identify patients who could benefit from pre-operative interventions. In high-risk patients, it also may be possible to modify the surgical technique to lower the risk of infection such as by performing an interval hernia repair or avoiding skin flaps [5, 18, 19] . A situation where interval repair may be warranted is during bariatric surgery. If a ventral hernia is identified but does not prevent safe completion of the primary operation (bariatric surgery), repairing the hernia at a later date when there is no contamination and the patient has lost substantial weight may be beneficial [5, 18, 19] .
Several factors limit this study. First, all participants were enrolled in academic institutions, and VHR was performed almost exclusively by specialists. These two factors may limit the generalizability of our findings. Second, a number of variables such as incision class or SSI can be variable in interpretation. Although we used the CDC definition of SSI, certain components allow subjective interpretation such as having ''at least one of the following signs or symptoms: pain, tenderness, localized swelling, redness, or heat'' or diagnosis ''by the surgeon or attending physician or other designee.'' Third, although this was a prospectively developed database, not all pertinent data points were captured. For example, there was no measure of surgeon skill or relevant patient laboratory data such as serum albumin or glycosylated hemoglobin concentrations. Finally, in identifying SSI, our follow-up was limited to 30 d. Additional SSIs, in particular, deep incisional SSIs or mesh infections, could occur after 30 d. The CDC definition of SSIs includes all implant infections up to 1 y.
Conclusions
We present a prospectively validated score for patients undergoing VHR for SSI. The accuracy of the VHRS for SSI 
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exceeds that of our data published previously, as well as existing risk-assessment tools. The VHRS can be used to identify patients at higher risk for SSI, who might benefit from interval ventral hernia repair, optimization of co-morbidities, patient counseling as to outcome estimates, and modification of surgical techniques. Further study is needed to determine the generalizability of the VHRS to other patient populations (such as non-academic hospitals) and the utility of the VHRS to identify factors that would improve outcomes (such as preoperative risk reduction programs).
